Introduction
Although the myth that low-dose epinephrine (1:100,000) causes tissue necrosis in fingers has been dealt several serious blows [2, 5, 13, 14, 20, 25, 26, [29] [30] [31] , many physicians continue to believe it as it was entrenched for so many years in medical schools worldwide. A careful review [5] of the world literature from 1880 to 2000 revealed that there were 48 case reports of digital gangrene and necrosis following local anesthesia in the digits, mostly dating before 1950. Much of the data were incomplete regarding the use and concentrations of epinephrine, hot soaks, tourniquets, tight dressings, or preexisting medical conditions. Only 21 out of the 48 cases involved the use of epinephrine, and only in four was the concentration of epinephrine recorded. None of the cases involved lidocaine with epinephrine. There is clear evidence [26] that denatured acidic procaine in those days before expiry dates may have contributed to the finger necrosis previously attributed to epinephrine. We also now know that there is considerable evidence that finger epinephrine is not only safe but a very useful adjunct in hand surgery [2, 13, 14, 20, 25, [29] [30] [31] .
Since the introduction of the epinephrine autoinjector (Epi-Pen) in 1980 [16] for selftreatment of anaphylaxis, there have been several reports [1, 3, 4, 6-8, 10-12, 17-19, 21-24, 27, 28] of accidental injections of high-dose epinephrine (1:1,000) into fingers and thumbs. If low-dose (1:100,000) epinephrine injection into digits is a true common cause of finger ischemia, then there should undoubtedly be case reports of finger necrosis after accidental digital injection of high-dose (1:1,000) epinephrine. We therefore decided to perform a thorough literature search to find out if there are any such cases. We were also able to provide five additional case reports, in three of which we were able to carefully document all pertinent details. A second purpose of the study was to examine the treatment of accidental high-dose epinephrine injection.
Materials and Methods
A search by hand of Index Medicus from 1900-1950 was performed using the keywords anesthetic complications, local anesthesia complications, suprarenin solutions, gangrene, necrosis, and procaine. Electronic search through Pubmed, The National Library of Medicine, and Google was performed from 1950 to 2006. The keywords searched were Epi-Pen, Anakit, epinephrine digital injection, accidental Epi-Pen injection, finger necrosis, and epinephrine digit.
Five additional cases of high-dose epinephrine (1:1,000) were added by the authors of this paper. Three of those injection cases were by two of the authors who voluntarily had their own fingers injected with 1:1,000 epinephrine to carefully document the outcome. Table 1 summarizes the cases of high-dose epinephrine (1:1,000) finger injections that we were able to find in the world literature. Deshmukh [6] , in 1989, reported a case of accidental injection of epinephrine 1:1,000 from an autoinjector into the right index finger of a 39-year-old nurse. She developed numbness, pallor, and coldness in the digit, which was treated with 1 mg of phentolamine. Thirty minutes later, the finger was pink, warm, and had normal sensation.
Results
In 1990, Maguire [17] reported a case of a 17-year-old boy who had injected his right index finger with 0.15 mg of epinephrine from an Epi-Pen injector. The finger became painful, pale, and cold. He was injected with 0.5 mg of phentolamine to each side of the digit, and 15 min later, color and warmth returned. There was no skin necrosis.
McCauley [18] reported a case in 1991 of a 28-year-old woman who accidentally injected her right index finger with 1:1,000 epinephrine from an autoinjector. Her digit became pale and cool with decreased capillary refill to the nail bed. She was treated with a digital block of lidocaine, topical nitropaste, and warm compresses with no change. She was then injected with 1.5 mg of phentolamine into the puncture site. Twenty minutes later, her digit was pink and warm with good capillary refill. No digital necrosis was seen at a 6-day follow up.
In 1994, Hinterberger [10] treated digital ischemia in a 17-year-old girl with an accidentally injected thumb with an adult epinephrine autoinjector. She received 0.5 mg of phentolamine at the puncture site with prompt resolution of ischemia. There was a loss of sensation, which started to return 5 min after the phentolamine injection. After 1 h, the sensation was back to normal.
In 1995, Claudy [4] published a case of a 35-year-old asthmatic who injected his right index finger with 0.3 cm 3 of 1:1,000 epinephrine from an autoinjector. His digit was cool and white with decreased sensation. Topical nitropaste was applied and the finger was wrapped with plastic wrap. Twelve hours later, he regained color and sensation. At follow-up he had minimal epithelial peeling of the finger, which was normal at 1 month.
Also in 1995, Hardy [8] published a case of a police officer who accidentally injected his right thumb with 0.3 ml of 1:1,000 epinephrine from an Epi-Pen injector. The thumb became white and was treated with 2 mg of phentolamine and warm soaks. Thirty minutes later, warmth and color returned. The thumb was reported to have decreased sensation, which returned to normal 0.5 h after injection with the phentolamine.
In 1998, Ahearn [1] reported one episode of a 3-year-old girl who presented with a cold hand after accidental injection with an Epi-Pen injector. She was given local infiltration of phentolamine, and in 3 min, the color returned. There was no mention of sensory loss.
In 1998, Kaspersen [11] treated a case of accidental digital injection of 0.3 cm 3 from an Epi-Pen injector with nitro paste and hot water. There was no report of digital necrosis.
In the same year, ElMaraghy [7] reported six cases of accidental injection of epinephrine 1:1,000 into digits. In three cases, phentolamine was used with rapid return of the digits to normal. In one of those three cases, there was mention of a loss of sensation, but the timing of its return was not documented. In the fourth case (no mention of sensory loss), oral nifedipine, 10 mg, was given with return of color after 9.5 h after treatment and 15.5 h after the initial injection. In the fifth case, in which sensory loss was documented, nitropaste and hot compresses were used with return to normal color and sensation 13.5 h after the injury. In the final case, no treatment was given and no sensory loss was reported. Within 10 h, the digit returned to normal. In none of the cases was there digital necrosis.
In 1999, Sellens [22] published a case of a 9-year-old girl who injected her right thumb with an adult epinephrine autoinjector. The digit was cold, painful, tingling, and blanching. When application of nitropaste did not improve the finger, phentolamine was infiltrated locally with return to normal in 5 min. No necrosis occurred.
The same year, Stier [24] also reported three cases of accidental injection of epinephrine into digits by autoinjectors. He treated these with terbutaline because phentolamine was not readily available. In no case was there digital necrosis. In the first case, there was normal sensation. In the second case, there was no mention of sensory deficit, and in the third, there was decreased sensation which returned to normal after 1 h of phentolamine injection. No dose was mentioned.
In 2000, Barkhordarian [3] had a case of a ward sister who injected her right thumb with 0.3 ml of 1:1,000 epinephrine. The thumb became acutely ischemic and numb. She was given iloprost and a stellate ganglion block. The thumb returned to normal color and sensation "within a few hours."
In 2001, Khairalla [12] published a case of a radiologist who injected 1:1,000 epinephrine into her thumb. She was treated with phentolamine and a calcium channel blocker with return of the digit to normal. There was no specific information on sensation.
In 2002, Mrvos [19] published the largest series of case reports of accidental injection of epinephrine from autoinjectors in Maryland and Pittsburgh. She presented 28 cases that had been reported to the poison control center. Of these, only two patients received phentolamine, one got terbutaline, and in one, the treatment was unknown. All the other 23 cases received no treatment. There was no digital necrosis in any of the cases. Sensory loss occurred in one finger, which returned 3 h after injection with phentolamine; this was the only case in which sensory disturbance was described.
In 2004, Velissariou [28] reported three cases of accidental Epi-Pen injections into the digits of children. One child with sensory loss received nitropaste and warm compresses and sensation returned 6 h after treatment. A second child with no sensory loss was treated with 1.5 mg of phentolamine. The last child received no treatment and there was no mention of sensory disturbance.
Also in 2004, Turner [27] published a case of a 10-yearold boy who presented to the emergency department after injecting his left hand with his mother's Epi-Pen. He was treated with 0.5 phentolamine and warm soaks, with a return to normal within 5 min. The child was reported to have reduced sensation, which was still reported to be present at the end of 6 weeks.
In 2005, Schintler [21] described a case of a 37-year-old woman who injected her index finger with an Epi-Pen. The injector penetrated the bone of the distal phalanx. She was treated with Augmentin and suffered no digital necrosis. Sensory loss was not mentioned.
In the same year, Setnik [23] published pictures of a case of accidental injection of epinephrine by an Epi-Pen in the thumb of a 16-year-old girl. She received no treatment and had no digital necrosis. There was no comment on sensory loss.
We were able to find one unusual 1953 report of nonfinger skin loss that may have been attributable to highdose epinephrine injection [15] . In 1953, Leslie and McPhee reported a case of an asthmatic who injected himself three to four times daily with epinephrine 1:1,000 to control attacks. Only after 2.5 years of injections did he develop his first episode of skin necrosis at the injection site. He continued to inject himself for another 2.5 years and developed multiple areas of skin necrosis at the injection sites. There is no mention of finger injections causing necrosis. At that time, the authors concluded that he had developed sensitivity to the epinephrine because he had used it for 2.5 years without any ill effects.
Additional Case Reports

Case #1
One of the authors of this paper (DL) had three of his own fingers injected with epinephrine on July 21, 2005, to carefully and accurately document the outcome. He had 0.5 cm 3 of 1:1,000 epinephrine injected into the long finger, 0.5 cm 3 of 1:10,000 epinephrine into the ring finger, and 0.5 cm 3 of 1:100,000 epinephrine injected into the small finger of the left hand at one sitting. All injections were in the subcutaneous fat in the center of the finger just distal to the flexion crease of the proximal interphalangeal (PIP) joint on the volar side of the finger (see Fig. 1 ).
All three digits became very pale and cool from the finger PIP flexion crease distalward within 5 min, and all three digits became completely anesthetic, in spite of the fact that there was no lidocaine in the injectate. At 6 h and 15 min after the injection, the color and the feeling had completely returned in the small finger (1:100,000 epinephrine). At 10 h and 5 min after the injection, the color and feeling had completely returned to the ring finger (1:10,000 epinephrine). There was no significant ischemia reperfusion pain, nor was there any lasting numbness in either the small or ring fingers.
At 13 h after injection, the feeling and the color began to return to the long finger (1:1,000) epinephrine, and was accompanied by intense (7/ Thirty minutes after 0.5 cm 3 of 1:1,000 epinephrine injected into the long finger fat at the black dot, 0.5 cm 3 of 1:10,000 epinephrine into the ring finger (blue dot), and 0.5 cm 3 of 1:100,000 epinephrine injected into the small finger of the left hand (red dot). Note that the distal phalanx of the small finger is not pale, and that the long and ring fingers are completely white. long finger (1:1,000) resolved in the classic fashion described in the literature, with pain and temperature coming back first, followed by light touch, and finally by deep pressure. The very tip of the finger was the last part to return to normal sensibility. On a scale of 0-10, where 10 is full sensibility and 0 is complete anesthesia, the number of the feeling of light touch and deep pressure during the 10-week neuropraxic stage would be described as 8 by the author. There was no digital necrosis.
Case 2
A 35-year-old male paramedic in Saint John, Canada, suffered an accidental injection of 0.15 cm 3 from an Epi-Pen in the right thumb in the middle of the middle phalanx. He was seen in the emergency department 1 h later with a very numb, white thumb. He received no treatment. He later reported that it took 2 h for sensation to return completely, and 5 h for the thumb to return to a normal color. He suffered no digital necrosis.
Case 3
A 42-year-old female from Nova Scotia, Canada, accidentally injected her right thumb with 0.15 cm 3 of 1:1,000 epinephrine from her Epi-Pen. She was seen in the emergency department for numbness in the thumb but retained normal color. She received no treatment. She reported that 6 h after the injection, pain and temperature sensation returned. Twelve hours later, she had a return of light touch sensation. She suffered no digital necrosis.
Cases 4 and 5
Another author of this paper (KD) had 0.5 cm 3 of 1:1,000 epinephrine injected into the little finger, 0.5 cm 3 of 1:10,000 epinephrine into the ring finger, and 0.5 cm 3 of 1:100,000 epinephrine into the middle finger of one hand at one sitting. In addition, all fingers had 0.5 cm 3 of lidocaine plain injected concurrently with the epinephrine in the same syringe. The 1.0 cm 3 total injections were subcutaneous, volar, and central, at the proximal crease of the PIP joint. All fingers very rapidly became locally ischemic and numb. Over a period of 6-12 h, complete sensation and color all returned, with the little finger being the last to recover.
On a separate occasion, 1 cm 3 of pure 1:1,000 epinephrine was injected subcutaneously, volar, and centrally, at the proximal crease of the PIP joint of the little finger and 1 cm 3 of pure 1:10,000 epinephrine into the ring finger without any local anesthetic ( Figs. 2 and 3) . The fingers became very white, numb, and ischemic. However, within 12 h, all the blanching and sensory loss had resolved. He suffered no neuropraxia or digital necrosis with any of the injections.
Discussion
This paper reviewed all the reported cases of accidental high-dose (1:1,000) epinephrine injection in a finger from 1900 to 2005. We found 54 cases of injection of epinephrine 1:1,000 into a digit, and added five more for a total of 59 cases. Of these, 13 patients were treated with phentolamine [1, 6-8, 10, 12, 17, 19, 27, 28] , four patients were treated with nitropaste [4, 7, 11, 28] , two patients were treated with phentolamine and nitropaste [18, 22] , two patients were treated with terbutaline [3, 24] , two patients were treated with terbutaline and nitropaste [24] , one patient was treated with iloprost [3] , and one patient was treated with nifedipine [7] for ischemia. In two cases, the treatment was unknown [19] . In 32 cases, there was no treatment [7, 15, 19, 23, 28] .
The types of treatment provided in 27 of the 59 cases that received treatment were variable. Although details in the reports were generally scarce, phentolamine was the most commonly used treatment, and this treatment appeared to have the most success at vasoconstriction reversal in those reports. Phentolamine is an α blocker that was introduced as a catecholamine vasoconstriction rescue agent in 1957 [32] . This drug has long been clinically recognized as the catecholamine extravasation vasoconstriction α receptor reversal agent of choice [9] . This is consistent with the experimental evidence, which has shown that 1 mg of phentolamine in 1 cm 3 of saline reliably completely reverses epinephrine vasoconstriction in the human finger in an average of 1 h and 25 min after injection of the phentolamine where 1:100,000 epinephrine was injected, whereas it takes an average of 5 h and 19 min for the epinephrine-injected fingers to return to the same color as the other fingers after the injection of saline instead of phentolamine [20] .
To treat or not to treat high-dose epinephrine injection injuries was far from uniform in the 59 reported cases. In the 32 nontreated cases, there were no permanent sequelae. Four of the reports [4, 7, 27] described a persistent sensory loss, the most carefully documented one being the case report described in this paper. In this case, the neuropraxia took 10 weeks to resolve. Ischemia reperfusion pain was also carefully documented in this case. It would be logical but pure conjecture to conclude that treatment of the injection injury may have prevented the neuropraxia or ischemia reperfusion pain. It would also be conjecture to assume that those 27 cases that received treatment did not suffer persistent injury because of successful treatment. The necessity to treat high-dose finger epinephrine injection therefore remains undetermined.
Nevertheless, because is has been well shown that phentolamine decreases the duration of epinephrine-induced vasoconstriction time in the human finger, it is the opinion of the authors that treatment of high-dose epinephrine injuries with 1 mg/kg of phentolamine may be of value to decrease ischemia reperfusion pain and possible neuropraxia, as well as possibly decreasing the possible risk of ischemic injury in patients with preexisting finger vascular insufficiency.
Not one of the reported 59 cases of high-dose (1:1,000) epinephrine injected into fingers developed tissue necrosis. We have therefore not been able to find a single case of high-dose (1:1,000) epinephrine-induced digital infarction in the literature. This finding makes the likelihood of lowdose epinephrine (1:100,000) finger injection causing finger infarction even less likely.
Conclusions
We describe the 59 cases of high-dose epinephrine (1:1,000) injection into the fingers in the literature, none of which suffered digital necrosis, in spite of the fact that 32 of them received no treatment. This paper has also carefully documented reperfusion pain and 10 weeks of neuropraxia caused by the injection 0.5 cm 3 of high-dose epinephrine (1:1,000) into a finger. The necessity or type of treatment of high-dose epinephrine injection injuries remains conjecture, but phentolamine is the most commonly used agent in the reported cases, and the evidence for its use is discussed.
